We analyse long-slit spectra of four early-type galaxies which extend from ∼ 1 to ∼ 3 effective radii: IC 1459, IC 3370, NGC 3379 and NGC 4105. We have extracted the full line-of-sight velocity distribution (in the case of NGC 3379 we also used data from the literature) which we model using the two-integral approach. Using two-integral modelling we find no strong evidence for dark haloes, but the fits suggest that threeintegral modelling is necessary. We also find that the inferred constant mass-to-light ratio in all four cases is typical for early-type galaxies. Finally, we also discuss the constraints on the mass-to-light ratio which can be obtained using X-ray haloes in the case of IC 1459, NGC 3379 and NGC 4105 and compare the estimated values with the predictions from the dynamical modelling.
INTRODUCTION
The problem of dark matter in galaxies remains perhaps the most important astrophysical problem in contemporary cosmology and extragalactic astronomy. Although its nature is still unknown, general but not unanimous opinion is that it exists and that it is a necessary ingredient of every viable cosmological model (see recent overview of the dark matter problem in galaxies in Binney 2004) . The existence of the dark matter in spiral galaxies is rather clear mainly because of existence of cool gas which provides a powerful tool for obtaining rotation curves, that are, for most spirals, nearly flat thus indicating the presence of dark mass in their outer parts -dark haloes (see, e.g., Binney & Tremaine 1987 Sec 10.1) . There are problems in the determination of its shape, but observations tend to conclude that the dark halo is flattened (see, e.g., Samurović,Ćirković & Milošević-Zdjelar 1999) .
However, the problem of dark matter in elliptical galaxies (early-type galaxies, in general) is more complicatedit is more difficult to confirm the presence of dark haloes around ellipticals. Since elliptical galaxies contain little or no cool gas usually one cannot use 21-cm observations to trace kinematics of neutral hydrogen out to large radii, as is possible in the case of spirals. In an attempt to check ⋆ E-mail: srdjan@ts.astro.it (SS); danziger@ts.astro.it (IJD) whether ellipticals have dark haloes one can use stellar kinematics, but since their outer parts are very faint, it is usually difficult to obtain spectra to constrain kinematics at large radii. An additional problem is related to the fact that one does not a priori know anything about the orbits of stars in ellipticals. Current investigations lead to the conclusion that there is less unambiguous evidence for the dark matter in ellipticals than in the case of spirals. Moreover, there are hints that in ellipticals the dark matter is not needed at all or, more precisely, not needed in some early-type galaxies, out to a given observed distance from the galactic centre (see, for example, Romanowsky et al. 2003) .
The dark matter problem in elliptical galaxies can be studied using different tracers of mass: as in Danziger (1997) one can split the different methodological approaches into three large groups of tracers: gas, test particles and lensing methods. Without going into details about the features of all these groups we can note that the different methodologies provide different claims about the existence of the dark haloes in early-type galaxies. Here, we will constrain ourselves to the methods that provide data out to large radii (larger than ∼ 2-3Re, where Re is the effective radius). The approach based on the study of the hot gas (X-ray haloes with temperature T ∼ 10 7 K) (see a review in Mathews & Brighenti 2003) is based on two assumptions: (i) the gas obeys the perfect gas law and (ii) hydrostatic equilibrium holds. This method in general provides large mass-to-light c 2005 RAS ratios in the early-type galaxies (cf. Loewenstein & White 1999) .
Some methods based on test particles include planetary nebulae, globular clusters and integrated stellar light. The planetary nebulae (PNe) method seems to be a very promising tool in dark matter research because PNe are detectable even in moderately distant galaxies through their strong emission lines. Méndez et al. (2001) studied 535 PNe in the flattened elliptical galaxy NGC 4697 and found that, assuming isotropic velocity distribution, this galaxy does not need dark matter interior to 3Re. Using the PNe method one derives mass-to-light ratios which are much lower than those derived using X-ray haloes: for example, Romanowsky et al. (2003) found for their sample (NGC 821 observed out to 3.5Re, NGC 3379 observed out to ∼ 5.5Re and NGC 4494 observed out to ∼ 3Re) that velocity dispersion profiles show declines which indicates "the presence of little if any dark matter in these galaxies' haloes". Probably for NGC 3379 a better estimate of Re = 54.8 arcsec is given by Capaccioli et al. (1990) and therefore the radial distance of ∼ 5.5Re by Romanowsky et al. (based on RC3) should actually be ∼ 3.5Re. Here we adopt the Capaccioli et al. value for the effective radius of NGC 3379, see Sec. 3.3 . This value was also used in the paper of Ciardullo et al. (1993) , see below.
We have analyzed NGC 3379 below using long-slit spectra out to 2.2 Re and found after a detailed dynamical modelling that there is no need to apply the dark matter hypothesis in order to obtain a successful fit for this galaxy. Peng, Ford & Freeman (2004) recently presented their results of an imaging and spectroscopic survey for PNe in NGC 5128. They found that PNe exist at distances out to 80 kpc (∼ 15Re) making this study the most comprehensive kinematical study of an elliptical galaxy to date, both in the number of velocity tracers and in radial extent. They found that the dark matter is necessary to explain the observed stellar kinematics, but their value of M/LB is low: within 80 kpc the total dynamic mass ∼ 5 × 10 11 M⊙ is found with M/LB ∼ 13. The problem with this method is that the h3 and h4 parameters which describe the the full line-ofsight velocity distribution (LOSVD) profile (see below) are not observationally determined as for the integrated spectra and an ambiguity about the mass distribution in the outer parts of galaxy may exist: strong tangential anisotropies can mimic the existence of the dark matter (Tonry 1983; Binney & Merrifield 1998 Sec 11.2) .
The globular clusters (GCs) methodology can also be used in a search for dark matter. Côté et al. (2003) studied M49 (= NGC 4472) galaxy and showed that the radial velocities and density profiles of globular clusters provide "unmistakable evidence" for a massive dark halo interior to ∼ 3Re. Note again the problem of the estimate of the effective radius: Côté et al. determined Re = 186 arcsec whereas RC3 gives Re = 104 arcsec. This lower value of Re would place their last measured point at ∼ 5.5Re. Recently, Bridges et al. (2003) presented their results obtained using Gemini/GMOS spectrograph of several early-type galaxies. It is important to note that they have observed 22 globular clusters in the aforementioned galaxy NGC 3379 and found no evidence of dark matter out to ∼ 200 arcsec: in their preliminary analysis they reached the conclusion that the mass-to-light ratio decreases (from ∼ 8 at ∼ 60 arcsec to ∼ 4 at ∼ 200 arcsec, in the V -band). Richtler et al. (2004) analyzed the GC system of the galaxy NGC 1399: they used 468 radial velocities assuming a pure Gaussian distribution to conclude that the velocity dispersion of this galaxy remains approximately constant between 2 and 9 arcmin (which corresponds to approximately 2.86 and 12.86 Re) thus implying the existence of dark matter in this central galaxy of the Fornax cluster. The problem of the lack of the full LOSVD mentioned earlier still exists with this methodology.
A large set of dark matter investigations in early-type galaxies is made through studies of integrated stellar light. Because this paper deals with the two-integral (2I) approach we now focus on the papers that use this technique. Binney, Davies & Illingworth (1990) in their seminal paper established a 2I axisymmetric modelling based on the photometric observations. They analyzed galaxies NGC 720, NGC 1052, and NGC 4697 and modelled velocities and velocity dispersions out to ∼ 1 Re. van der Marel, Binney & Davis (1990) applied this approach to NGC 3379 (out to ∼ 1 Re), NGC 4261 (out to ∼ 1 Re), NGC 4278 (out to ∼ 1 Re) and NGC 4472 (out to 0.5 Re). Cinzano & van der Marel (1994) modelled the galaxy NGC 2974 out to 0.5 Re introducing a new moment -modelling of the Gauss-Hermite moments (for definitions see below) defined previously in van der Marel & Franx (1993) . Note however, that all these modelling procedures did not take into account dark matter, because they dealt with the regions in which dark matter was not expected to make a significant contribution. Saglia et al. (1993) presented kinematical and line strength profiles of NGC 4472, IC 4296 and NGC 7144 and from their dynamical modelling (quadratic programming) concluded that there is a strong evidence for dark matter in these galaxies. Carollo et al. (1995) observed and modelled a set of elliptical galaxies (NGC 2434, NGC 2663, NGC 3706 and NGC 5018) . They used a 2I modelling procedure to model the stellar line-of-sight velocity distribution (using velocity dispersion and Gauss-Hermite h4 parameter) out to two effective radii. They concluded that the massive dark matter haloes must be present in three of the four galaxies, and in the case of NGC 2663 there was no evidence of dark matter. Rix et al. (1997) used the Schwarzschild (1979) method for construction of axisymmetric and triaxial models of galaxies in equilibrium without explicit knowledge of the integrals of motion. They introduced into the analysis velocity, velocity dispersion and Gauss-Hermite parameters h3 and h4. They used the galaxy NGC 2434 (from Carollo et al. 1995) to perform a detailed spherical dynamical modelling in order to conclude that this galaxy contains a lot of dark matter: they found that about half of the mass within one effective radius is dark.
Statler, Smecker-Hane & Cecil (1996) studied stellar kinematical fields of the post-merger elliptical galaxy NGC 1700 out to four effective radii. In a subsequent paper Statler, Dejonghe & Smecker-Hane (1999) found, using 2I axisymmetric models as well as three-integral (3I) quadratic programming models that NGC 1700 must have a radially increasing mass-to-light ratio, and that NGC 1700 "appears to represent the strongest stellar dynamical evidence to date for dark haloes in elliptical galaxies". Statler & McNamara (2002) observed this galaxy in the X-ray domain and using gas modelling estimated the gas temperature to be ∼ 0.5 keV. Note, however, that these authors found that probably the hypothesis of hydrostatic equilibrium is not applicable in this case which would therefore make difficult the comparison between mass profiles based on the X-ray data and stellar dynamics. Saglia et al. (2000) modelled the galaxy NGC 1399 using 2I models (major photometric axis only) out to ∼ 2.5 Re. They marginally detected the influence of the dark component that starts from 1.5 Re. Kronawitter et al. (2000) modelled a sample of 21 elliptical galaxies out to 1-2 Re: for three of them (NGC 2434, NGC 7507, NGC 7626) they found that models based on luminous matter should be ruled out. De Bruyne et al. (2001) modelled NGC 4649 and NGC 7097 using 3I quadratic programming method and found that in the case of NGC 4649 a constant mass-to-light ratio (M/LV = 9.5) fit can provide good agreement with the data and that a marginally better fit can be obtained including 10 per cent of dark matter at 1.2 Re. In the case of NGC 7097 both kinematic and photometric data can be fitted out to 1.6 Re using a constant mass-to-light ratio ∼ 7.2. Cretton, Rix & de Zeeuw (2000) modelled the giant elliptical galaxy NGC 2320 using the Schwarzschild orbit superposition method and found that the models with a radially constant mass-to-light ratio and logarithmic models with dark matter provide comparably good fits to the data and have similar dynamical structure (but note that the mass-to-light ratio in the V -band is rather large: ∼ 15 for the mass-follows-light models and ∼ 17 for the logarithmic models).
Finally, we mention the paper of Cappellari et al. (2002) in which the internal parts of one of the two galaxies which we analyze in this paper, IC 1459, were modelled using 3I axisymmetric technique.
From what is given above it is obvious that concerning the existence of dark matter in early-type galaxies the situation remains rather unclear: some appear to have dark matter haloes, and the others appear to be devoid of the dark component. One important note may be appropriate: recent observations that extend out to large radial distances from the centre (> 5Re) (for example, PNe, GCs methodologies), although rare and incomplete (because of the lack of knowledge of the full LOSVD) strongly suggest that the evidence for the dark matter in these outer regions is scarce, and that the calculated mass-to-light ratios are small (either equal or marginally larger than those estimated in the inner regions). This is obviously at odds with values claimed from the X-ray observations. This study addresses, what we can call, "intermediate" regions out to ∼ 1−3Re taking into account the full LOSVD.
In this paper we analyze in detail using 2I approach four early-type galaxies: IC 1459, IC 3370, NGC 3379 and NGC 4105 for which we have long-slit spectra that extend out to ∼ 1−3Re. In Sect. 2 we give some theoretical foundations related to both observational and modelling aspects. In Sect. 3 we briefly present the features of these four galaxies together with the photometric observations. Section 4 provides observational and data reduction information. 2I modelling results are given in Section 5. In Section 6 we compare the results obtained with the 2I technique with those obtained using X-ray haloes technique (in the case of IC 1459, NGC 3379 and NGC 4105). Finally, our conclusions are presented in Section 7.
THEORETICAL FOUNDATIONS

Line of sight velocity distributions
In the case of all external galaxies, one cannot obtain data necessary for the reconstruction of the distribution function of the stellar system directly: one can observe line-of-sight velocities and angular coordinates. Since individual stars cannot be resolved, one has to deal with integrated stellar light that represents the average of the stellar properties of numerous unresolved stars that lie along each line of sight (LOS). The first step in the analysis of the shifts and broadenings is to define the line of sight velocity distribution (LOSVD, also called velocity profile, VP): this is a function F (vLOS) that defines the fraction of the stars that contribute to the spectrum that have LOS velocities between vLOS and vLOS + dvLOS and is given as F (vLOS)dvLOS. Now, if one assumes that all stars have identical spectra S(u) (where u is the spectral velocity in the galaxy's spectrum), then the intensity that is received from a star with LOS velocity vLOS is S(u − vLOS). When one sums over all stars one gets:
This relation represents the starting point for a study of stellar kinematics in external galaxies (cf. Binney & Merrifield 1998 Sec 11.1). The observer obtains G(u) for a LOS through a galaxy by obtaining its spectrum. If the galaxy is made of a certain type of star, one can estimate S(u) using a spectrum of a star from the Milky Way galaxy. One possible solution is to assume that the LOSVD has the Gaussian form. Sargent et al. (1977) invented the method known as Fourier Quotient Method, that has a problem of large errors for the ratioG
that vary from point to point. The cross-correlation method based on the calculation of the cross-correlation function between the galaxy and the stellar spectra was pioneered by Simkin (1974) and developed further by Tonry and Davis (1979) and Statler (1995) .
In this paper we model the LOSVD as truncated GaussHermite (FTGH) series that consists of a Gaussian that is multiplied by a polynomial (van der Marel & Franx 1993; also Gerhard 1993) :
here Γ represents the line strength, w
exp(−w 2 /2), wherev and σ are free parameters.
h k are constant coefficients and H k (w) is a Gauss-Hermite function, that is a polynomial of order k. We will truncate the series at k = 4 (although higher values are also possible), for which the polynomials are:
and
It can be shown (van der Marel & Franx 1993 ) that H l (w) (in this case, l = 0, . . . , 4) are orthogonal with respect to the weight function α 2 (w). Now the LOSVD can be calculated by varying the values ofv, σ, h3 and h4 until the convolution of the function FT GH (vLOS) with a template star spectrum best reproduces the observed galaxy spectrum. The optimal fit is then reached using a non-linear least-squares fitting algorithm. If the form of the LOSVD is close to the Gaussian form, thenv and σ will be approximately equal to vLOS and σLOS. Parameters h3 and h4 are important because they measure asymmetric and symmetric departures from the Gaussian. If one detects a positive (negative) value of the h3 parameter that would mean that the distribution is skewed towards higher (lower) velocities with respect to the systemic velocity. On the other hand, if one detects h4 > 0 this means that the distribution is more peaked than the Gaussian at small velocities with more extended high-velocity tails; for h4 < 0 the distribution is more flat-topped than the Gaussian. In the study of the dark matter in the early-type galaxies the value of the h4 parameter plays a crucial role because it is constraining the level of tangential anisotropy which is extremely important since it is well known that the excess of tangential motions can mimic the existence of the dark matter haloes in these galaxies (Danziger 1997; Gerhard 1993) .
Two-integral (2I) modelling
For the 2I modelling procedures we used the modelling technique developed by Binney, Davies & Illingworth (1990, hereafter BDI) , and subsequently used by van der Marel, Binney & Davies (1990) and Cinzano & van der Marel (1994) . Only in Cinzano & van der Marel (1994) does the modelling include h3 and h4 parameters. These h l models are based on the assumptions of Gaussian bulge and disk components. Statler et al. (1999) used the modified version of this method to analyze the mass distribution in NGC 1700. Here we present briefly the assumptions and the modelling steps.
2I modelling is the first step in understanding of the dynamics of the elliptical galaxies, because in cases of small departures from triaxiality (which is far more probable, and very strong in the case of IC 3370 as will be shown below), comparison of real systems with the models can provide useful insights. The assumptions of axisymmetry and the fact that the velocity dispersion tensor is everywhere isotropic are the starting points for the procedure that includes the following three steps (cf. BDI): (i) inversion of the luminosity profiles and obtaining three-dimensional luminosity density that provides the mass density (under the assumption of constant mass-to-light ratio); (ii) evaluation of the potential and derivation of the velocity dispersion and azimuthal streaming (under the assumptions that the form of the distribution function is f (E, Lz), where E is the energy and Lz is the angular momentum of the individual star about the symmetry axis of the galaxy and that the velocity dispersion is isotropic as a starting point) and (iii) comparison of the projected kinematical quantities from the model with the observed kinematic parameters; optionally, a disc, and/or a dark halo can be included in the modelling procedure. The flowchart of the modelling procedure is given in Fig. 1 . The first step in the modelling procedure involves making a least-squares fit for a flattened Jaffe model (Jaffe 1983, Eqs. (2) and (3)) or a flattened modified Hubble model. The brightness distribution in the case of the modified Hubble profile is given as (see Binney & Tremaine 1987, Eq. (2-39) ):
(where j0 is the central luminosity density and a is the core radius), and was used in the 2I modelling procedures of the two galaxies in this paper. Because we were mainly interested in the outer parts of galaxies we did not correct for the effects of seeing that are of importance near the centres of galaxies. Six Lucy iterations were used to get a fit of the surface brightness profile to the model. In cases when the disc was taken into account, the surface brightness of the disc was subtracted assuming that the disc is exponential. For the evaluation of the dynamical quantities one assumes that the spheroid's mass density ρ(R, z) = Υsj(R, z) where Υs is some constant mass-to-light ratio, and j(R, z) is the luminosity density. Here, it would be appropriate to present an estimate of the typical mass-to-light ratio in elliptical galaxies. van der Marel (1991) found in his sample of 37 bright ellipticals that the average mass-tolight ratio in the B-band is: M/LB = (5.95 ± 0.25)h50 thus M/LB = 8.33 ± 0.35 for h0 = 0.70. He also found that the mass-to-light ratio is correlated with the total lu-
50 L⊙. The details related to the 2I modelling procedure which we use are given in BDI and Cinzano & van der Marel (1994) and Fig. 1 . Below we give some of the most important steps.
Since we assume in this paper that the distribution function is of the form f (E, Lz) the second radial velocity moment, v Using a free parameter, k, one can, as usual, assign a part of the second azimuthal velocity moment v 2 φ to streaming:
Then we project the dynamical quantities on to the sky to obtain predictions, always taking into account a given inclination angle i (which is a free parameter given at the begining of the 2I procedure): this is an angle measured from the galaxy's rotation axis to the line-of-sight: for edge-on galaxy i = 90
• and for face-on galaxy i = 0
• . We always start the modelling with the value k = 1 which is a natural starting point, because it implies an isotropic dispersion vector.
For the modelling of the stellar kinematics we used freely available "Two-integral Jeans modelling Software" made by R. van der Marel and J. Binney, again on the x86 GNU/Linux PC platform (see the comment about the software used for the extraction of the kinematics above).
GENERAL INFORMATION AND PHOTOMETRIC OBSERVATIONS
In all the analyses that we are performing we assume that the Hubble constant is equal to 70 km s −1 Mpc −1 . The standard steps were performed in the data reduction of the photometric observations of IC 1459 and IC 3370: bias subtraction, flat-fielding, cleaning of cosmic rays and subtraction of sky background. We used the IRAF 1 task ellipse to extract the full photometric profiles in both cases.
IC 1459
IC 1459 is a giant E3 elliptical galaxy. Its absolute blue magnitude is -20.52, heliocentric radial velocity 1691 km s −1 (taken from NED database and in agreement with our observations). It covers 5.2 × 3.8 arcmin on the sky (RC3). One arcsec in the galaxy corresponds to ∼ 117.16 pc. The effective radius is 33 arcsec (=3.87 kpc). One of its most characteristic features is a fast counterrotating stellar core (Franx & Illingworth 1988) . It has other peculiarities: twisted isophotes (Williams & Schwarzschild 1979) , a dust lane and patches near the nucleus (Sparks et al. 1986 ) and an ionized gaseous disc at the core that rotates along the major axis in the same direction as the majority of stars in the galaxy -this is the opposite direction to that of the stellar core (Forbes, Reizel & Williger 1995) . The nucleus of IC 1459 has a strong (1Jy) compact radio source (Slee et al 1994) . Recently, Fabbiano et al. (2003) observed this galaxy with Chandra ACIS-S: these observations will be used below, when comparing stellar dynamics and X-ray data.
Verdoes Kleijn et al. (2000) analyzed kinematical observations of the nuclear gas disc, and found a central black hole of mass MBH = (2 − 6) × 10 8 M⊙. Cappellari et al. (2002) observed IC 1459 using several slit positions and constructed axisymmetric 3I models of this galaxy using the Schwarzschild orbit superposition method. They found, using stellar and gas kinematics, that MBH = (1.1 ± 0.3) × 10 9 M⊙. The mass-to-light ratio found in this paper was ∼ 8.8 (when converted to the B-band and the distance used in this paper, D = 24.16 Mpc) and is in agreement with our estimate (we found that M/L = 5 − 10).
Photometric observations
Photometric observations were made by one of us (IJD) during 1997 August 28-30 using the ESO NTT and EMMI in the Red Medium Spectroscopy mode in the V -band. We present the results obtained using the aforementioned IRAF routine in Fig. 2 (left) where surface brightness was transformed to the B-band using relation B − V = 0.99 taken from the LEDA 2 database. The photometric profile was compared with that of Franx & Illingworth (1988) and it was found that it was in a good agreement.
IC 3370
IC 3370 is a bright galaxy, classified as E2-E3 (elliptical) galaxy, absolute blue magnitude -21.4, heliocentric radial velocity 2930 km s −1 (taken from NED database and in agreement with our observations). It covers 2.9 × 2.3 arcmin on the sky (RC3). However, it is a rather unusual elliptical galaxy and according to Jarvis (1987, hereafter referred to as J87) it should be classified as S0pec (see below). One arcsec in the galaxy corresponds to ∼ 203.02 pc. The effective radius is 35 arcsec (=7.10 kpc).
Photometric observations
We used frames kindly provided by O. Hainaut using ESO NTT and EMMI in the RILD mode on July 3-4, 2002 in the B-band. The photometry of IC 3370 is very interesting and it is given in detail in J87. We present here some additional elements that are complementary to that study and are of importance for the analysis that we are undertaking.
One should note that J87 took for the major axis the position angle (PA) of 40
• , Carollo, Danziger & Buson (1993) took for the same axis P.A. of 51
• , while the spectra in this study were taken using P.A. = 60
• . The reason for these differences lies in a very particular photometry of this galaxy that has strong isophotal twisting as shown in J87 and in Fig. 2 (see position angle (P.A.) plot). This may be evidence for the fact that this galaxy is triaxial, because the isophotes of an axisymmetric system must always be aligned with one another (see, for example, Binney & Merrifield 1998 Sec 4.2). Fasano & Bonoli (1989) using a sample of 43 isolated ellipticals found that the twisting observed in these galaxies is intrinsic (triaxiality). Jarvis has taken the mean position angle of isophotes to be equal to 40 ± 2
• which is true for the data up to 80 arcsec. However, at larger radii the P.A. tends to increase, so the usage of larger value of 60
• (and 150
• for the minor axis) is justified (see Fig. 2 ).
In Fig. 2 (right) we present relevant photometric data obtained using IRAF task ellipse: ellipticity, magnitude in the B-band for major axis (filled circles) and minor axis (open circles), a4 parameter (which measures the fourth Fourier component of the intensity variations along the bestfitting ellipse to an isophote) and the position angles, as a function of distance. The value of a4 is positive up to one effective radius (for almost all values of radius), thus indicating that the isophotes are discy, while beyond one effective radius, the isophotes become boxy since a4 is negative. Since a4 increases rapidly up to ∼ 5 arcsec this can lead to the conclusion of the embedded disc. The existence of the stellar disc was shown in J87.
NGC 3379
NGC 3379 is a bright E1 galaxy (note the ellipticity ǫ ≈ 0.15 in Fig 
Photometric observations
The surface brightness was taken from the paper of Capaccioli et al. (1990) , whereas ellipticity, a4 parameter and position angle as function of radius were extracted from images from the ESO archive (I-band, NTT SUSI) using standard IRAF commands. This galaxy shows small departures of a4 parameter from zero beyond ∼ 2 arcsec. The position angle is approximately constant beyond ∼ 15 arcsec.
NGC 4105
NGC4105 is an E2 galaxy, with heliocentric radial velocity of 1918 km s −1 (taken from the NED database), and absolute B magnitude -20.72. One arcsec in the galaxy corresponds to ∼ 134.14 pc. The effective radius is 35 arcsec (=4.69 kpc).
NGC 4105 belongs to a binary system with a companion galaxy NGC 4106. which is ∼ 1 arcmin away from NGC 4105. Longhetti et al. (1998) claimed to see evidence of the interaction in the velocity profiles of NGC 4105. In their study they used the position angle of 118 degrees to find asymmetric profiles for both velocity and velocity dispersion. In our study we used position angle of the major photometric axis of 150 degrees and of the minor photometric axis of 60 degrees. For these position angles we notice departures from symmetry, but since the effect is not so strong out to ∼ 1Re (most notably for the velocity dispersion and the h4 parameter, for the major axis, see Sec. 4.4 below) in the following discussion we will neglect the possible gravitational influence of NGC 4106.
Photometric observations
Photometric data were extracted from frames obtained courtesy of M. Carollo & K. Freeman (who used ESO 2.2 m telescope with EFOSC) using standard IRAF routines. The photometric profiles are given in the R-band. We present the results obtained using the IRAF routines in Fig. 3 (right) . Beyond ∼ 6 arcsec the position angle is approximately constant. Photometry of NGC 4105 has been presented in Reduzzi & Rampazzo (1996) : our photometric profiles are in a good agreement with the results presented in this paper.
We present the basic data related to IC 3370, IC 1459, NGC 3379 and NGC 4105 with the data sources in Table  1 . Note that for IC 3370 because of the fact that the X-ray was not detected the estimates based on the X-ray data are missing (see Sec. 6 for details).
STELLAR KINEMATICS
Long-slit spectra observations of IC 1459 and IC 3379 were made by one of us (IJD) during 1997 August 28-30 using the ESO NTT and EMMI in the Red Medium Spectroscopy mode. The central wavelength was chosen to be near the Mg2 feature: ∼ 5150Å. The range that was covered was ∼ 700Å. The spectra were rebinned at the telescope over 2 pixels giving a scale of 0.56 arcsec pixel −1 . The spectroscopic observations of NGC 3379 and NGC 4105 were obtained courtesy of M. Carollo and K. Freeman. Galaxy NGC 3379 was observed using the Double Beam Spectrograph attached to the Australian National University 2.3 m telescope at Siding Springs Observatory. NGC4105 was observed using ESO 2.2 m telescope with EFOSC. The central wavelength was the Mg2 feature: ∼ 5150Å. The range covered was ∼ 1000Å (for NGC 3379) and ∼ 1200Å (for NGC 4105).
The standard data reduction steps were performed for all the galaxies: bias subtraction, flat-fielding, cleaning of cosmic rays and subtraction of sky background. We used the MIDAS 3 package in which we implemented several routines necessary for fast reduction (wavelength calibration) and post-reduction procedures (logarithmic binning of the spectra). Wavelength calibration was done using the HeliumArgon (for IC 1459, IC 3370, NGC 4105) and Neon-Argon (for NGC 3379) comparison lamps spectra. Sky subtraction was done by taking an average of 30 rows near the edges of the exposure frames. Finally the spectra were rebinned on a logarithmic scale. Also, spectra of several template stars were reduced as described above, continuum divided, and averaged over several rows in order to obtain one stellar template spectrum of high signal-to-noise ratio (S/N).
For the extraction of the stellar kinematics we used freely available "Gauss-Hermite Fourier Fitting Software" made by R. van der Marel and M. was written for the Sun FORTRAN compiler for the Sun UNIX platform, initial testing was done using Sun Sparc (Sun-Blade-100) platform. Later, it was modified and ported to the x86 GNU/Linux PC platform that uses a GNU FOR-TRAN compiler. Detailed tests were done, and it was found that the results obtained in two different environments were in the excellent agreement. All the results presented in this paper were obtained in the GNU/Linux environment.
IC 1459
Several exposures were taken for two different position angles: for the galactic major axis (P.A. = 40 • ) total exposure of 35,100 s, and for the minor axis (P.A. = 130
• ) total exposure of 3,600 s. Because of the fact that only one exposure was available for the minor axis, the removal of the cosmic ray hits was not successful and we have taken the minor axis stellar kinematics from Cappellari et al. (2002) . We compared the results for the major axis and plot the comparison in Fig. 4 (left panel). The agreement is good, except for the velocity and h3 parameter near the galactic centre where some discrepancy exists. Note, however, that Cappellari et al. (2002) used P.A.=39
• and observations which we analyze here were made at P.A.=40
• . In the outer parts agreement is excellent for the whole velocity profile. The template star HR 5582 (type K3 − ) was used. The instrumental dispersion was ∼ 3.5Å (∼ 190 km s −1 ) and was determined using Helium-Argon spectrum in a region ∼ 5000Å. The slit width was 3 arcsec.
In Fig. 4 (middle and right panel) we show the major and minor axis kinematic parameters. Major axis data show the rapid increase of velocity in the inner ∼ 3 arcsec: velocity rises to ∼ 100 km s −1 (note however a small asymmetry in our determination of velocity). Velocity dispersion is large at the centre: ∼ 350 km s −1 , and decreases rapidly to ∼ 240 km s −1 (at ∼ 40 arcsec). There is a plateau in velocity dis- (2): radius out to which long-slit spectra extend (in arcsec). Col. (3): same as Col. (2) persion between ∼ 20 arcsec and 30 arcsec after which velocity dispersion decreases. The h3 parameter shows a typical behaviour, i.e. it rises (falls) when velocity rapidly increases (decreases). In the outer parts it shows small departures from zero. The h4 parameter shows very small departures from zero in the inner parts, and in the outer parts there is an increase of its value, suggesting existence of the radial anisotropy. Minor axis data provide evidence of small velocities, and larger central velocity dispersion (∼ 380 km s −1 ). Both the h3 and h4 parameters show very small departures from zero throughout the observed parts of the galaxy.
IC 3370
Several exposures were taken for three different position angles: for the galactic major axis (P.A. = 60
• ) total exposure of 21,600 s, for the minor axis (P.A. = 150
• ) total exposure of 7,200 s. Also, the spectra of the intermediate axis were taken (P.A.=20
• ), and the total exposure time was 14,400 s. The template star spectrum of HR 2701 (type K0III) was used. The instrumental dispersion was ∼ 3.5Å (∼ 190 km s −1 ) and was determined using a Helium-Argon spectrum in a region ∼ 5000Å. The slit width was 3 arcsec.
In Fig. 5 (left panel) we show the major axis kinematic parameters. This galaxy indeed shows behaviour that is characteristic for an S0 galaxy: for example, its major axis kinematics can be compared to that of NGC 1461, lenticular galaxy from the Fisher (1997) sample. Note the usual behaviour of h3 parameter: when the velocity rises, h3 decreases, and vice versa. In Fig. 5 we present intermediate (middle panel) and minor (right panel) axis kinematic profiles: IC 3370 has minor axis rotation that provides an additional hint (apart from the isophotal twist) of the triaxiality. Note the small values (consistent with zero) of h3 and h4 at the large distances from the centre for the major axis and their generally small values in the case of the minor axisthey provide evidence of the lack of excessive tangential motions, that may mimic the dark matter in the outer parts of the galaxy (see above). In the case of the intermediate axis beyond 60 arcsec we have a hint of negative values of the h4 parameter which could mimic dark matter in these regions.
NGC 3379
For NGC 3379 the long slit spectra of the major axis (P.A.=70
• ) were taken on March 13-14, 1997 and the total exposure time was 6,000 s. The scale was 0.59 arcsec pixel −1 and the wavelength calibration was done using a Neon-Argon lamp. The template star was K-giant cpd-43. The instrumental dispersion was ∼ 2Å (∼ 100 km s −1 ) and was determined using a Neon-Argon spectrum in a region ∼ 5000Å. Slit width was 1.5 arcsec. Since we had only major axis (P.A.=70
• ) data, which we reduced, we have taken data from Statler & Smecker-Hane (1999) for the major and the minor axis (P.A.=340
• ). We compared the results for the inner region which we have in common for the major axis and found that they are in an excellent agreement (see Fig. (6 (left) ). The data that we had extend out to ≈ 30 arcsec, so in the modelling procedures (see next Section) we will use Statler & Smecker-Hane (1999) measurements only at all radii because their data extend to a larger radius (80 arcsec that is ≈ 1.46 Re) and are also available for the minor axis.
This galaxy shows a steep increase of velocity: it rises to ∼ 60 km s −1 in the inner 20 arcsec. After a plateau between ∼ 20 arcsec and ∼ 60 arcsec the velocity shows a tendency to decrease. The velocity dispersion peaks at ∼ 230 km s −1 and then decreases rapidly. There is a plateau between ∼ 20 arcsec and ∼ 50 arcsec. One can see that there is an obvious asymmetry at ∼ 80 arcsec. The h3 parameter is small out to ∼ 50 arcsec, but shows departures from zero at ∼ 70 arcsec. h4 remains small throughout the whole observed galaxy, except in the outer parts for which there is a hint of departures from zero, but since error bars are large, it is difficult to draw firm conclusions. Minor axis data suggest that NGC 3379 does not show significant rotation on the minor axis. The velocity dispersion profile is similar to that of the major axis. The h3 and h4 parameters are small throughout the whole observed galaxy on the minor axis (see Fig. 6 ).
NGC 4105
Long slit spectra of NGC 4105 were obtained on March 9-13, 1994 using the ESO 2.2 m telescope with EFOSC. The total . Middle: major axis data. Right: minor axis data (taken from Cappellari et al. 2002) . From top to bottom: velocity, velocity dispersion, h 3 and h 4 parameters. One effective radius in case of the major axis is plotted using dashed line. Note that in case of the minor axis it is out of scale.
exposure time for the major axis (P.A.=150
• ) was 27,900 s. The total exposure time for the minor axis (P.A.=60
• ) was 14,400 s. The scale was 0.336 arcsec pixel −1 . The wavelength calibration was made using a Helium-Argon lamp. The template star was HR 5582 (type K3 − ). The instrumental dispersion was ∼ 4.2Å(∼ 280 km s −1 ) and was determined using Helium-Argon spectrum in the region near 5000Å. Slit width was 1.5 arcsec.
On the major axis this galaxy shows a maximum value of the velocity ∼ 60 km s −1 (see Fig. 7 , left). Note that there is a hint of a counterrotating stellar core in the inner 3 arcsec. In general, there is a lack of symmetry about the galaxy centre. The central value of the velocity dispersion is large: ∼ 320 km s −1 . It declines in the inner ∼ 5 arcsec after which there is a tendency to remain constant (out to 0.7Re). The velocities are not antisymmetric: the reason for this could be the vicinity of NGC 4106 and interaction with it. h3 also shows a hint of the effects of the counterrotating stellar core in the inner 3 arcsec. At the larger radii the value of h3 is consistent with zero. The h4 parameter remains small (slightly negative, but consistent with zero) throughout the whole observed galaxy. On the minor axis NGC 4105 shows rather complex behaviour and again a lack of symmetry is evident (see Fig. 7 , right). The velocity dispersion decreases from the central value of ∼ 320 km s −1 to ∼ 200 km s −1 . Not much can be said about h3 and h4 parameters, except that they show asymmetries.
TWO-INTEGRAL (2I) MODELLING
In all the dynamical modelling performed below we folded the major axis data about the y-axis and the minor axis data were folded about x-axis. We took the mean value of the observed kinematical parameters in all the cases taking into account that the velocity and the h3 parameter are odd functions and the velocity dispersion and the h4 parameter are even functions of the radius. In the modelling which follows, we tested different inclinations for all the galaxies and we present here only the best-case inclinations.
IC 1459
This galaxy has a counterrotating core, and therefore, twointegral axisymmetric modelling conceived by BDI based on the photometric profiles will necessarily fail in the inner regions. We tested the inclination angles from 50
• to 90
• and we decided to use the inclination angle of 65
• in all the cases because it provided the best fit to the data (although very far from perfect). This inclination angle implies intrinsic axis ratio of ∼ 0.7. Major axis (Fig. 8(left) ): In the case of the major axis we tested k = 0.6 value: first, it gave marginally good fit for the velocity in the outer region of the galaxy (M/LB = 3.81), and a marginally good fit in the region slightly beyond 1Re for the velocity dispersion (dashed line), and, second, a case of larger M/LB = 6.83 did not fit the velocity, nor the velocity dispersion (dotted line). In both of these cases no dark matter halo was included, and no embedded disc was assumed. If one takes k = 1, there are two cases that we decided to present: first, M/LB = 6.83 (no dark halo, and no embedded disc) (solid lines) the velocity is extremely large (it declines from ∼ 350 km s −1 at 20 arcsec to ∼ 220 km s
at 100 arcsec); the velocity dispersion can be fitted, very closely, throughout the whole observed galaxy, and second, the case when M/LB = 3.81 (no dark halo, and no embedded disc) (dot-dashed lines) for which the fitted velocity has smaller values (although still much larger than the observed ones): in a region between 20 arcsec and 100 arcsec the velocity decreases from 260 km s −1 to 170 km s −1 ; the velocity dispersion is much lower, and the successful fit is attained only in the outer parts. The h3 parameter, because of the fact that there is a counterrotating core, cannot be fitted. For the h4 parameter this modelling did not give a successful fit in the outer parts where there possibly exists a radial anisotropy (judging from the observed non-zero value of the h4 parameter). Therefore, one can state that only the test with k = 1 (M/LB = 6.83 ± 0.13) can provide a fit to the velocity dispersion. The fact that the predicted velocity is much larger is of a crucial importance and will be addressed below.
It was argued that the Gauss-Hermite estimates are not the best approximation of the mean line-of-sight velocity and velocity dispersion of the LOSVD (cf. van der Marel & Franx 1993; Statler et al. 1996; De Rijcke et al. 2003) , because their real values depend on the h3 and h4 parameters. In the case of IC 1459 there are significant departures in the Gauss-Hermite parameters from zero for a major axis so we applied the correction for the velocity and velocity dispersion. Following van der Marel & Franx (1993) we used the following formulas to get the corrected values that are then compared with the modelling results. The corrected values are, for the velocity:
and for the velocity dispersion:
where the index "GH" is related to the Gauss-Hermite estimates. This correction is done only in the case of the major axis, since in the case of minor axis the departures from zero in h3 and h4 are minimal. Using the Cinzano & van der Marel modelling technique we did not correct the observed data in the inner regions (interior to ∼ 6 arcsec) where the disc may be present and we corrected velocity and velocity dispersion beyond ∼ 6 arcsec in order to compare with the models. In this inner region the model LOSVD is a sum of 2 Gaussians, and the modelled velocity dispersion is the physical velocity dispersion which is then compared to the data. We note that the non-zero values of the h3 and h4 parameters are not fitted because in the outer regions the models assume Gaussian LOSVDs. After the correction is done one can note the following change with respect to the uncorrected values (see Fig. 8 (right panel)): the velocity dispersion values in the outer part have increased (h4 is positive), but the general trend of decline remains. When one now examines the modelling results given in Fig. 8 (right panel) one can see that a better fit to the observations is obtained using k = 0.6, and the constant mass-to-light ratio M/LB = 5.31 ± 0.10 that is somewhat lower than the value estimated for the best-fitting in the uncorrected case. This however does not alter the main conclusion: IC 1459 can be successfully fitted without invoking dark matter. Note however, that the error bars for h4 are rather large in the outer parts. New observations of IC 1459 made (but still unpublished) by Bridges et al. (2003) should hopefully clarify the mass at ∼ 3Re.
Minor axis (Fig. 8 (middle panel)): Three k = 0.6 cases are plotted: one for M/LB = 3.05 (dashed line) which does not provide a good fit for the velocity dispersion, and the other one for which M/LB = 7.33 that provides a better agreement (solid line). Finally, a thick short dashed line gives a prediction of the velocity dispersion for M/LB = 12.21 and obviously does not provide a good fit (except marginally at ∼ 30 arcsec). A better fit was obtained using k = 1: with the dotted lines we present a case with M/LB = 8.54 (no dark matter, no embedded disc). However, a fit with k = 1, but with a lower value of mass-to-light (M/LB = 3.05, dot-dashed line) predicts a velocity dispersion that is too low. Finally, if one increases mass-to-light ratio to M/LB = 14.23 (thick long dashed line) one can get a prediction that seems valid at ∼ 25 arcsec. Values of both velocity and h3 parameter are consistent with zero for the minor axis, and h4 is fitted properly for these cases.
We have shown that in the case of the major axis the best-fitting for the velocity dispersion can be obtained using k = 1 and M/LB = 6.83 ± 0.13 (or 5.31 ± 0.10 obtained using corrected values of v and σ) . However, with these assumptions the velocity is enormously high. This means that one is faced with the same situation that BDI described in the case of NGC 720. Therefore, as in BDI, one can conclude that IC 1459 cannot have a distribution function of the form f (E, Lz), and that three-integral modelling is needed.
The results for the minor axis modelling are inconclusive because the observations go out only to ∼ 1Re. The slight tendency for the velocity dispersion to flatten in the outer parts of the minor axis could be a result of a predominance of tangential orbits possibly suggested by the trend seen in the h4 parameter.
Because of the counterrotating core there is a strong hint that IC 1459 is the result of a merger. That is why we compared the results of Bendo & Barnes (2000) who used an N-body code to study the LOSVD of simulated merger remnants with the stellar kinematics that we extracted. A reasonable agreement is seen in fig. 9 by Bendo & Barnes (2000) which shows the dependence of the Gauss-Hermite parameters as functions of position along the major axis for a typical 3:1 merger (merger between disc galaxies with mass ratios of 3:1). Although in the central parts there is a small discrepancy between the observations and the simulation, in the outer parts there is an obvious trend for an increase in the h4 parameter. A further detailed comparison is difficult to perform because we do not know how to scale exactly Bendo & Barnes simulation to our observed data because we do not know the effective radius of the simulated merger. In the case of IC 1459 we have no way of knowing what the mass ratio of two disc galaxies might have been as well as other parameters involved in the simulation (such as inclination angles of the merging galaxies). For the core region we find v/σ ≈ 0.29. Note, that for a quoted Bendo & Barnes simulation this ratio is about one. This is only a rough comparison but we hope that future studies of the projected kinematics of simulated merger remnants will bring new insights to the problem of the formation of the counterrotating cores and the formation of early-type galaxies in general, as the number of observed kinematical profiles increases.
IC 3370
As might be expected the axisymmetric modelling of IC 3370 did not give a good fit to the observed data given the strong isophotal twisting present in this galaxy. We used the inclination angle of 50
• that gave the best (but far from perfect) results. This inclination angle implies intrinsic axis ratio of ∼ 0.7. In Fig. 9 we present our modelling results for major, minor and intermediate axis.
Major axis (Fig. 9 (panel (a) )): for the major axis k = 0.6 (dotted lines) gives a good fit in the inner regions (∼ 25 arcsec) for the velocity. A good fit is obtained in the outer regions (> 50 arcsec) for the velocity dispersion. On the contrary, k = 1 provides a good fit for the velocity in the outer region (> 1Re); the velocity dispersion seems to be fitted well throughout the whole galaxy with k = 1. We experimented with the inclusion of the inner embedded disc of 6 arcsec, but this does not change much the results. The decrease of the velocity dispersion follows very closely the constant mass-to-light prediction (out to ∼ 3Re). Both h3 and h4 are fitted reasonably in all the given cases. The massto-light ratio found in all the cases at ∼ 3Re is ∼ 5.4. Since in this case, for the major axis, both the h3 and h4 parameters are consistent with zero we did not apply the correction of the velocity and velocity dispersion as we did in the case of IC 1459.
Minor axis (Fig. 9 (panel (b) )): because of the fact that the axisymmetric modelling predicts zero velocity for the minor axis, a successful fit could not be achieved (the same is true for the h3 parameter). Modelling of the velocity dispersion therefore provided a possibility for several interesting tests. One can see that a k = 0.6 fit (dotted line, M/LB = 4.80, no dark matter, no embedded disc) cannot produce a successful fit for the velocity dispersion. Therefore, in all other tests in the case of the minor axis we used k = 1. With the solid line we present the case of M/LB = 6.59 without the embedded disc which provided a better, but still unsatisfactory fit to the data. Again, the inner embedded disc of 6 arcsec was included. Therefore, we increased the mass-to-light ratio to 9.68 (case without the dark matter and with the disc represented with the thick dashed line) to achieve a better agreement. Still better agreement is obtained when one increases further the mass-tolight ratio to 12.65: this is the case without the dark matter and the included disc represented by the thick dot-dashed line. Note, however, the discrepancy in the inner parts of the galaxy.
Intermediate axis (Fig. 9 (panels (c) and (d))): Several tests were done using lower values of the constant mass-tolight ratio: the modelling of the uncorrected values of the observed velocity and velocity dispersion are given in panel (c) and the modelling of the corrected points is given in panel (d). Successful fits for the velocity dispersion are obtained for k = 1 (again the k = 0.6 case can be ruled out). All the models with k = 1 give a good fit for the velocity in the inner parts of the galaxy (∼ 20 arcsec) and they all fail in the outer parts. In a similar manner they all reproduce well the velocity dispersion profile. h3 and h4 parameters are fitted reasonably throughout the whole galaxy (modelled h3 shows departures in the outer region and h4 shows small departures from the data in the inner part). We note the improvement of the modelling when the points corrected for non-zero values of h3 and h4 are used (see Fig. 9, panel d) .
Strictly speaking IC 3370 should not be modelled using the axisymmetric modelling technique. However, this technique permits the following conclusion. In IC 3370 up to ∼ 3Re the dark matter halo is not needed for the successful modelling: the mass-to-light ratio varies between ∼ 5 (based upon the major axis data) and ∼ 13 (based upon the minor axis data). Note however, that M/LB ∼ 13 is the upper limit, because it must be stressed that this kind of modelling of the observed minor axis dispersions tends to overestimate the mass-to-light ratio (as given in BDI): this modelling, for a given M/LB underestimates the minor axis dispersions since the model will be flattened by enhanced v 2 φ which does not contribute to the minor axis profile. The real galaxy is flattened by enhanced v 2 r which contributes on the minor axis.
NGC 3379
NGC 3379 is a galaxy for which the evidence for dark matter is scarce (Ciardullo et al. 1993 , Romanowsky et al. 2003 ). We present our results for the two-integral axisymmetric modelling for the major and minor axis in Fig. 10 . The inclination angle that we used in all the cases was 40
• because it gave the best fit to the observed data.
Major axis (Fig. 10 (left) ): When one takes k = 1 and does not include either a dark matter halo or an internal embedded disc, using M/LB = 5.44 (dotted lines) one gets an exaggerated value of the velocity but a rather reasonable fit for the velocity dispersion (especially in the inner part). In all other cases for the major axis we will use k = 0.5 which provides a better fit to the data in the outer part of NGC 3379. Using a mass-to-light ratio, M/LB = 4.75, without an embedded disc and without a dark halo combination gives a good fit for the velocity dispersion in the outer regions. Also, a case with M/LB = 5.44 (dashed line), without the embedded disc and without a dark halo gives a good fit in the outer part of the galaxy. Both h3 and h4 parameters are fitted similarly in all the models and the fit is very close to the observed values. Note that since the outermost points for the velocity dispersion and h4 parameter appear to be discordant, we followed the advice of the referee and put a greatly increased error bar in order to provide a real uncertainty of these quantities. To get a better fit in the inner regions (interior to ∼ 15 arcsec) we performed a test using low k = 0.4, inclination angle of 50
• and M/LB = 4.58: this is shown in Fig. 10 using a thick dot-dashed line.
Minor axis (Fig. 10 (right) ): Because this galaxy does not show a strong rotation on the minor axis, the velocity was fitted properly in this approach which assumes axisymmetry. In the case of the minor axis we consider various tests related to the velocity dispersion. With a dotted line we present the k = 1 case with M/LB = 4.18 without the dark matter, and without a disc: this does not provide a good fit. Neither can the case with k = 0.5 without a dark matter halo and a disc, with M/LB = 4.18 which is represented with a dashed line. The thick dot-dashed line represents a case for which M/LB = 6.69 (k = 0.5, without dark matter, and with embedded disc) and which provides a good fit in the inner region (out to ∼ 1Re), but fails in the outer regions. On the contrary, a test made with M/LB = 8.91 and k = 0.5 (thick long dashed line) provides a good fit in the outer regions (beyond ∼ 1Re).
Our conclusion based upon the two-integral modelling that we performed is that in NGC 3379 there is no evidence for dark matter out to ∼ 1.46Re and that this galaxy can be fitted with a constant mass-to-light ratio that is between ∼ 5 and ∼ 9. The minor axis modelling suggests a mass-tolight increasing with radius, while the major axis does not. This discrepancy could be due to the third-integral effects. These results are in agreement with the papers by other authors using entirely different techniques. Ciardullo et al. (1993) found that NGC 3379 does not possess a dark halo, and that mass-to-light ratio is ∼ 7 (their observations of PNe extend out to ∼ 200 arcsec). Also, they used distance of 10.1 Mpc to NGC 3379; if we apply the value of 13 Mpc used in our calculations the mass-to-light ratio in the Bband will become equal to 5.9 ± 0.9. Romanowsky et al. (2003) obtained the value M/LB = 7.1 ± 0.6 at ∼ 200 arcsec taking the distance of 10.3 Mpc; again if we apply the value of 13 Mpc used in our applications we calculate the massto-light ratio in the B-band of 5.8 ± 0.5. Their results are similar to ours at smaller radius and taken together they fail to demonstrate the presence of DM over this range of radius. 
NGC 4105
We present our results for the two-integral axisymmetric modelling for the major and minor axis in Fig. 11 . The inclination angle that we used in all the cases was 50 • because it gave the best fit to the observed data.
Major axis Fig. 11 (left) ): The case of k = 0.5 and M/LB = 4.50 (no dark matter halo, no disc included) provided the best-fitting to the velocity dispersion for the distance > 2 arcsec (dotted line). However, this case (as well as all the others mentioned below) predicts a grossly excessive velocity. The solid lines show the predictions of the case with k = 1, M/LB = 4.50 (no dark matter halo, disc included), for which the velocity is again exaggerated, and velocity dispersion is lower than observed (although beyond ∼ 2 arcsec within the error bars). We experimented with the embedded discs of 6 arcsec (radius inside which the P.A. changes): their inclusion did not change much the final results. Finally, with a dot-dashed line we present the case of k = 1, M/LB = 5.94 (no dark matter halo, disc included), that predicts an even larger velocity, but a good fit to the velocity dispersion. The h3 parameter predictions provide a rather good agreement with the observations (apart from the region between 10 and 20 arcsec related to to the large rotational velocity curve which is not seen in the data and is probably related to the problem of the existence of the third integral). The h4 parameter is fitted properly in all the cases. A good fit for the velocity could not be obtained; various mass distributions could not solve the problem of the fit to this quantity.
Minor axis Fig. 11 (right) ): The case of k = 0.5 and M/LB = 5.86 (no dark matter halo, no disc included) did not provide a successful fit to the velocity dispersion for a radius < 10 arcsec (dotted line). The solid line is for the case of k = 1 and M/LB = 6.42 (without dark matter, and without a disc) and this represents the best fit in all cases. Since h3 and h4 do not show large departures from zero, they are fitted properly.
Our conclusion for NGC 4105 is that this galaxy should be modelled using a three-integral approach because the rotation and velocity dispersion cannot be fitted simultaneously (the modelling results are very similar to these obtained in the case of IC 1459 above, and NGC 720 from BDI). However, judging by two-integral modelling one can see that the dark matter is not needed (out to ∼ 1 Re) and that a successful fit (only for dispersion, for reasons given above) can be obtained for a constant mass to light ratio M/LB ∼ 6.
Schwarzschild modelling
Because of numerous problems with fitting our 4 galaxies using 2I technique we have also performed several tests using the three-integral Schwarzschild (1979) orbit superposition modelling which included spherical, axisymmetric and triaxial potentials. Our procedures were based on the Rix et al. (1997) paper. We have implemented a method for extraction of the velocity profiles from the orbit libraries basd on the so-called self-organizing maps (SOMs) (Kohonen 1997; Murtagh 1995) and the results obtained so far are only indicative: we found that the constant mass-to-light ratio potentials could provide satisfactory fits to the observed data, but more testing is needed. When performing the orbits superposition in the triaxial potential special attention must be given to selection of the representative orbit libraries. Our results so far did not differ much when we used the libraries which contained exclusively box or tube orbits. Nevertheless, it is difficult to justify a priori a given selection of orbits. Development of this methodology is proceeding.
X-RAY PROPERTIES OF IC 1459, NGC 3379 AND NGC 4105
Of the four galaxies presented in this paper, IC 1459, NGC 3379 and NGC 4105 are known to possess an X-ray halo. X-rays are important for the early-type galaxies because they can provide independent constraints on the masses and mass-to-light ratios out to large radii (for a review see Danziger 1997; Mathews & Brighenti 2003) . The basic assumptions and formulae are as follows. One assumes that spherical symmetry holds, and that the condition of hydrostatic equilibrium is valid:
where M (r) is the mass interior to the radius r, and the gas obeys the perfect gas law:
where µ is the mean molecular weight for full ionization (taken to be 0.61), and mH is the mass of the hydrogen atom. From these two equations one can give the expression for the gravitating mass interior to radius r:
If one wants to calculate the mass and mass-to-light ratio of an elliptical galaxy based upon X-ray observations one can use the following approach (which was used in Kim & Fabbiano (1995) , hereafter KF95, for NGC 507 & NGC 499): one assumes circular symmetry and derives a radial profile of the X-ray surface brightness measured in concentric rings centered on the X-ray centroid. In a given range one then fits the analytic King approximation model:
(for details see KF95). Here a is the core radius (the radius where the surface brightness falls to half of its central value), and slope β. If the temperature of the X-ray emitting gas does not change much as a function of radius one can assume isothermality; we assumed that this holds in all the cases below. Now, using this assumption, one can estimate the total gravitational mass at a given radius r (assuming hydrostatic equilibrium) in a convenient form (KF95):
here the exponent α is related to the temperature (T ∼ r −α ) and is taken to be zero, and β = 0.5 (for IC 1459 and NGC 4105) and β = 0.64 (for NGC 3379) (Brown & Bregman 2001 ). This formula is valid outside the core region. The mass-to-light ratio (in the B-band) can be expressed as a function of radius r:
where B is the B magnitude of galaxy inside radius r (Kim & Fabbiano 1995) .
The temperature of the X-ray halo can be estimated using a simple formula which connects the stellar velocity dispersion, σ and the virial temperature (see Mathews & Brighenti 2003) :
where µ is the mean molecular weight. After insertion of the value for µ = 0.61 this equation can be rewritten in a convenient form:
where the temperature is given in keV and the stellar velocity dispersion, σ, is given in km s −1 . In Figs. 12, 13 and 14 we sum graphically the results of the 2I modelling of IC 1459, NGC 3379 and NGC 4105 and estimates based on the X-rays calculations (beyond one effective radius; this limit is taken because we want to avoid the problems due to cooling flows in the central region and because we are interested in the comparison of different methodologies in the outer regions of the galaxies where dark matter is expected to play a significant role). 2I modelling is represented with a stripe which roughly indicates the uncertainty within which the kinematics of these galaxies can be fitted (see discussion on 2I modelling above). The range of values M/LB = 5 − 10 encompasses the full range of plausible possibilities shown in Fig. 8 .
In the case of IC 1459 (Fig. 12) , the stripe related to the X-rays is determined using the paper by Davis & White (1996) who found T = 0.60 +0.12 −0.13 . This is in agreement with Fabbiano et al. (2003) who estimated T = 0.5-0.6 keV. We have also added a line which corresponds to T = 0.4 keV and which provides the best fit to the 2I modelling. Using virial assumption (Eq. 19) one gets Tσ = 0.73 keV (see Fig.  16 ). Only in the case of T = 0.50 − 0.60 keV do we have a marginal agreement (in region 1.0 < r < 2Re) with results obtained using 2I modelling techniques.
This may mean that: (i) the 2I integral models systematically underestimate the mass-to-light ratio value. This is possible but not probable since the estimated values of the mass-to-light ratio (M/LB was found to be between ∼ 6 and ∼ 10, see the stripe in Fig. 12 ) are in a good agreement with the mean value found in the sample of van der Marel (1991) which after rescaling to the Hubble constant of 70 km s
becomes M/LB = 8.33 ± 0.35. This type of modelling precludes the possibility that with an observed decreased velocity dispersion one could have a dark matter halo with a consequent increase of a mass-to-light ratio; (ii) the temperature estimates used above are not correct -note, however, that if we adopt a lower temperature, e.g. T ∼ 0.5 keV (still allowed by the measurements of Fabbiano et al. 2003 and Davis & White 1996) a better agreement can be obtained (dotted line in Fig. 12) ; the strong rising trend of the mass-to-light ratio will persist making this new estimate again larger in the outer part of the galaxy. Only T ∼ 0.4 keV (as calculated in the paper by Brown & Bregman 1998) (dashed line in Fig. 12 ) would provide an agreement within the whole region (beyond ∼ 1Re) for which we have the 2I mass-to-light ratio estimate;
(iii) the assumption of the hydrostatic equilibrium for IC 1459 is not correct, so the usage of Eq. (12) is inappropriate which makes Eq. (17) inapplicable in this case. We will address the problem of the departures from the hydrostatic equilibrium in a forthcoming paper (Samurović & Danziger 2005 , in preparation) and we here refer a reader to a very recent important work by Ciotti & Pellegrini (2004) which investigates the effects of deviations from equilibrium on the mass of ellipticals.
In Figures 13 and 14 we display graphically the results of the 2I modelling and estimates based on the X-rays calculations (beyond one effective radius) for the mass-to-light ratio in the B-band of NGC 3379 and NGC 4105. The Xray estimate for the mass-to-light ratio in the B-band is again given as a shaded area with the lower limit given as Tσ and the upper limit TX = 1.5Tσ, because Brown & Bregman (1998) for objects with few counts assumed this latter limit. For several galaxies Brown & Bregman (1998) found that TX ≈ 2Tσ: this relation as our choice was used only in the case of NGC 3379 thus giving an additional corresponding upper limit. The case for which TX = 1.5Tσ is also plotted as a thick dotted line in Fig. 13 . We have chosen to look at the temperature as virial because of the weak signal from X-rays. In the case of NGC 3379 we plotted available results on the mass-to-light ratio that were obtained using Cumulative mass-to-light ratio of IC 1459 in the B-band as a function of radius. The scale of the lower x-axis is given in arc seconds and the upper x-axis is in kiloparsecs. The effective radius is plotted as a dashed vertical line. Limits on the mass based on the X-rays are given using lower and upper limits obtained using Davis & White (1996) : T = 0.60 ± 0.10 keV. "2I" refers to two-integral modelling: the stripe in the 2I case provides the limits within which the kinematics can be fitted (see text for details). One additional line (see text for details) was also added to the plot: dashed line is for the case for which T =0.4 keV. The stripe labelled with C02 corresponds to the estimate obtained by Cappellari et al. (2002) of the M/L ratio which is, after the conversion to the B-band and the distance used in our paper, M/L B = 8.8 ± 0.5.
PNe (Ciardullo et al. 1993 (C93), and Romanowsky et al. 2003 (R03) ). Here we note a caveat that the X-ray and PN models are merely spherical. Our conclusions regarding comparison of the results for the mass-to-light ratio obtained using 2I modelling techniques and X-ray approach are the following:
NGC 3379 (Fig. (13) ): the estimates from 2I modelling are in an agreement with the X-ray estimates. Our M/L ratios are similar to those obtained for PNe albeit at larger radii. We note that beyond 120 arcsec (∼ 2.2Re) a discrepancy between PNe estimates and X-ray estimate occurs. If we reduce the value of the β parameter from 0.64 to 0.5 we obtain a good agreement with the data between ∼ 1Re and ∼ 1.5Re; between ∼ 1.5 and ∼ 3.5Re the mass-to-light ratio in the B-band varies between 5.5 and 9.5. In Fig. (13) we also plotted a point (at 1Re) and a stripe based on the paper by Gebhardt et al. (2000) which is calculated using their 3I modelling procedure.
NGC 4105 (Fig. (14) ): since in the case of this galaxy our data extend only out to ∼ 1Re the comparison of the Xray predictions with the results of the 2I modelling interior to this point could not be done. It is however obvious that if one assumes that the constant mass-to-light ratio inferred from the 2I modelling is valid beyond 1 Re there is a clear discrepancy between the predictions of the two methodolo- Figure 14 . The same as in Fig. 13 but for NGC 4105. DW96 refers to the temperature taken from the paper by Davis & White (1996) .
gies: the value of the mass-to-light ratio from the X-rays is higher (at ∼ 2Re M/LB ∼ 12 ) than that obtained using the 2I modelling (assumed to be between ∼ 5 and ∼ 7). We did not have data related to other mass tracers, so further comparisons were not possible. Using these findings, together with the recent result of Peng et al. (2004) who have recently found that for NGC 5128 at 15 Re the mass-to-light ratio is only 13 (in the B-band), we can infer that for both NGC 3379 and NGC 5128 there is a discrepancy between the mass-to-light ratios calculated using X-rays and PNe techniques at the large radii (beyond 3Re) from the centre. For the sake of comparison of the X-ray and PNe we use the recent analysis of Kraft et al. (2003) who studied NGC 5128: using their X-ray data out to 15 kpc (∼ 3Re) they found that the total mass ∼ 2 × 10 11 M⊙. This is in very good agreement with the value obtained using data, technique and assumptions by Peng et al. (2004) (for β * = 0). At the larger distance (∼ 15Re) using this approach the total cumulative mass becomes equal to ∼ 5 × 10 11 M⊙ (Peng et al. 2004) . Accepting now to a first order approximation that the X-ray results discussed above are realistic we solve the Jeans equation which provides the connection between the anisotropy and the temperature of the hot interstellar gas through which the stars move. First we write the Jeans equation for the radial stellar velocity dispersion σr (Binney & Tremaine 1987 Sec 4.2):
where ℓ * is the stellar luminosity density which corresponds to the radial (σr) and transverse (σ θ ) stellar velocity dispersions. Spherical symmetry is assumed and the equation is valid for a non-rotating system. By introducing a parameter β * 4 one can express the nonspherical nature of the stellar velocity dispersion:
θ . If 0 < β * < 1 the orbits are predominantly radial, which means that the line of sight velocity profile becomes more strongly peaked than a Gaussian profile (h4 positive), and for −∞ β * < 0 the orbits are mostly tangential, which means that the profile is more flattopped than a Gaussian (h4 negative) (Gerhard 1993 , van der Marel & Franx 1993 . The β * parameter can be determined from the observations: we used the estimates of the h4 parameter to calculate β * (as given in Gerhard 1993 and van der Marel & Franx 1993) in the case of IC 1459. In our study we use the estimates by Kronawitter et al. (2000) for NGC 3379 obtained using 2I modelling including h4 fitting. For NGC 4105 we will assume that β * = 0 (spherical isotropic case) given the small observed h4 parameter consistent with zero throughout the galaxy (but, nevertheless, we will also test some anisotropic models). We solve the Jeans equation (20) 
where the truncation radius, rt, extends well beyond the last observed kinematical point. We took for NGC 3379 rt = 2Re, for NGC 4105 rt = 1.5Re and for IC 1459 rt = 4Re. Solving equation (23) using a given value of T (known from X-ray observations, or calculated using stellar velocity dispersion) one can find the β * parameter which provides the best agreement with the observed data (it is important to underline, in the case of the hydrostatic equilibrium).
As a check we tested the well known case of NGC 4472 studied by Mathews & Brighenti (2003) . We confirm that indeed only with β * ∼ 0.7 can one obtain a good agreement with the observed velocity dispersion for this galaxy. As noted recently by Ciotti & Pellegrini (2004) this value of the β * parameter is unrealistically high which may lead to the important conclusion that the assumed condition of the hydrostatic equilibrium is not valid.
Using the aforementioned approach we reached the following conclusions for the three early-type galaxies with the X-ray haloes given in this paper:
(i) IC 1459 (Fig. (15) ). First, we tested a spherical isotropic model (β * = 0) using different estimates for the temperature: T = 0.7 keV (solid line), T = 0.5 keV (dashed line) and T = 1.1 keV (dotted line). In all three cases spherical isotropy (β * = 0) and validity of hydrostatic equilibrium were assumed and the values of the velocity dispersion were uncorrected (in the sense of Eq. 11). Only the case for which T = 0.7 keV can provide a good fit to the observed data out to ∼ 50 arcsec. In the outer regions the observed velocity dispersion tends to decrease and none of the fits is successful. This best-fitting value of T = 0.7 keV is, as expected, in an excellent agreement with the value found using a virial assumption (see Eq. 19). This value, however, is somewhat higher than our preferred value of T = 0.4 − 0.6 keV found with the 2I modelling, thus implying a higher X-ray based mass-to-light ratio than one inferred from stellar dynamics (as shown in Fig. 12 ). Second, since for IC 1459 (Fig. 16) we have departures from zero of the h4 which imply that radial orbits dominate (h4 > 0 beyond ∼ 20 arcsec) we have also modelled the corrected (again, in the sense of Eq. 11) values of the velocity dispersion: the measured points are the same as in Fig. 8  (right panel) . The fit which uses T = 0.7 keV and β * = 0 (the same as in Fig. 15 repeated here again with solid line) can produce a reasonable agreement with the data. If we now allow anisotropies (β * = β(r)) based on our observed h4(r) values as given above we can see that T = 0.7 keV, except for the central parts (interior to ∼ 20 arcsec) this fit given with the short dashed line fails to fit the corrected velocity dispersion. We assume that h4 ∼ 0 (β * ∼ 0) in the inner regions of the galaxy and in the outer parts at ∼ 3Re h4 is ∼ 0.2 (β ∼ 1). A slightly higher value of the temperature of T = 0.9 KeV, taken together with the same anisotropies (β * = β(r)) provides a better fit especially in the intermediate region (between ∼ 10 and ∼ 50 arcsec). Finally, a fit which used T = 1.1 KeV and β * = β(r) provides the best fit (among the ones tested) in the region between ∼ 20 and ∼ 100 arcsec. Again, in the case of the modelling of the corrected velocity dispersion data the value of the temperature based on the X-rays is higher than that inferred from stellar dynamics (T ∼ 0.4 − 0.5 keV): the preferred value of T = 1.1 keV is higher than that in the uncorrected case (T = 0.7 keV). The reason for this discrepancy could be due to the inherent assumptions of the two methodologies (such as the validity of hydrostatic equilibrium and constant value of the temperature in the case of the X-rays and mass profile used in the case of the BDI approach; see also the discussion about the mass-to-light ratio of IC 1459 earlier in this Section). It is important to stress that before we can use the X-ray temperatures to model the velocity dispersion we need to understand the reasons for the differences which might be due to different types of mass profiles and/or problems with the BDI models.
(ii) NGC 3379 (Fig. (17) ). In our modelling we have used the temperature T = 0.26 keV, as given in Table 1 . A spherical isotropic model (β * = 0) is excluded: in this case the model is completely inconsistent with the observed data. Two models based on the paper by Kronawitter et al. (2000) Figure 18. Dynamical modelling of the velocity dispersion NGC 4105 using X-ray data. Solid line is for the spherical isotropic case (β * = 0), the dashed line is for the case of β * = −0.2 (predominantly tangential orbits) and the dotted line is for the case of β * = 0.2 (predominantly radial orbits).
do not provide a good fit to the data either: the case of the "best model" (dark matter implied: 0 < β * < 0.3) provides marginally better fit than that of the constant M/L ratio (0 < β * < 0.2). After a failure to obtain a successful fit using β * values taken from the literature we experimented with different (positive and constant) values of β * : the case of β * = 0.4 provides a very good fit to the data. Thus we can conclude that using the approach based on the X-rays (twointegral approach) we can say that for NGC 3379 the dark matter is not dynamically dominant to ∼ 1.5Re because at ∼ 1.5Re one can get the same cumulative mass-to-light ratio as it is obtained using stellar dynamical modelling. Note that the gradient of the mass seen in the X-rays is not consistent with the constant mass-to-light ratio. However, as in Mathews & Brighenti (2003) the value of the β parameter is larger than that obtained using stellar dynamics although not much. Note that in our 2I dynamical modelling we have used the h4 parameter to describe the anisotropies and not β * . We find that the positive value of the β * parameter (β ∼ 0.4) is in agreement with the positive values of the h4 parameters (h4 ∼ 0.05) extracted from the observations and indicating radial anisotropies in the outer parts of NGC 3379 (for the relations between h4 and β see van der Marel & Franx 1993 , Gerhard 1993 .
(iii) NGC 4105 (Fig. 18) . In the modelling which we performed we have used the temperature T = 0.76 keV, as given in Table 1 . A spherical isotropic model (β * = 0) provides a good fit to the observed data (note that we again neglected possible influence of NGC 4106). We have also tested a case with β * = 0.2 (predominantly radial orbits) which provides a reasonable fit to the observed velocity dispersion and a case with (β * = −0.2) (predominantly tangential orbits) which does not provide a good fit to the data. Note that in the case of NGC 4105 the error bars for the temperature of the X-ray halo given by Davis & White (1996) are huge (especially the upper one): TX = 0.76 +4.40 −0.69 keV. However, as can be seen in Fig. 14 the value TX = 0.76 keV falls just in the middle between the upper and lower limit as obtained from the stellar velocity dispersion which justifies its usage in the dynamical modelling which we performed. As a side note, we stress that with the upper limit of TX = 0.76 + 4.40 = 5.16 keV no fit could be obtained to the velocity dispersion even in the case when the maximum allowed value of β * = 1 was used: velocity dispersion values were always grossly exaggerated: σ > 450 km s −1 throughout the whole galaxy.
DISCUSSION AND CONCLUSIONS
We presented the long-slit spectra of four early-type galaxies (IC 1459, IC 3370, NGC 3379 and NGC 4105) that extend out to ∼ 1 − 3Re for which we extracted full LOSVDs. For NGC 3379 we had the observations out to ∼ 0.55Re so for the modelling purposes we have used the data from the literature. The presented photometry of these four galaxies was necessary for the dynamical modelling which we performed. In this paper we have made two-integral (2I) modelling of these four galaxies and compared the results with the those obtained using the spherical X-ray modelling (in the case of IC 1459, NGC 3379 and NGC 4105).
(i) IC 1459 has a counter-rotating stellar core and its h4 has in the outer parts values that are significantly different from zero implying the existence of radial anisotropies. We could not obtain the simultaneous fit to the velocity and velocity dispersion (for the major axis) which means that we are faced with a situation where the 2I approach is not completely satisfactory and that the motion of stars in this galaxy requires three integrals. However, study of the 2I modelling of the velocity dispersion permits us to draw conclusions about the constant mass-to-light ratio in this galaxy: we infer that in the B-band it is 5 < M/LB < 10 (in solar units, for the Hubble constant of 70 km s −1 Mpc −1 ). Because of the fact that the velocity dispersion shows a decreasing trend compatible with a given constant mass-tolight ratio we conclude that up to ∼ 3Re (∼ 100 arcsec ≈ 11.7 kpc) there is no need for the dark matter halo, or at least, the contribution of the dark matter within this radius is dynamically unimportant. Of course, we cannot exclude the existence of the dark halo that is significant at the larger radii and we hope that the ongoing studies (which use globular clusters as mass tracers) will clarify this. Using the X-ray modelling we found that the temperatures of T ∼ 0.7 keV (obtained in the uncorrected case) and T = 1.1 keV (obtained in the corrected case) can provide a good fit to the dynamics of IC 1459 interior to ∼ 50 arcsec and between ∼ 20 and ∼ 100 arcsec respectively. This is higher than the value obtained using the stellar dynamics 2I modelling which lies between 0.4 and 0.6 keV. The difference between the BDI and Jeans approaches may be due to the fact that both approaches provide a different prediction of the X-ray temperature irrespective of the observed temperature (TX ) and irrespective of the validity of hydrostatic equilibrium: in this case the difference could be attributed to the different types of mass profiles used, and/or to the problems of the BDI modelling.
(ii) IC 3370 may be even a more complex galaxy to model with the 2I approach. This galaxy shows a large isophotal twist and it has a significant non-zero velocity on the minor axis which strongly suggests its triaxiality. Therefore, although 2I modelling necessarily provides a poor fit for some quantities (for example, velocity and h3 parameter for the minor axis) it nevertheless can give some insight into the dark matter content based on the study of the velocity dispersion. Again, as in the case of IC 1459 we can conclude that the dark matter within ∼ 3Re (∼ 100 arcsec ≈ 20.3 kpc) is not needed (or it is not dynamically important) because we can obtain a good fit to the velocity dispersion using a constant mass-to-light ratio: 5 < M/LB < 13 (in solar units, for the Hubble constant of 70 km s −1 Mpc −1 ). In the case of this galaxy an X-ray halo was not detected, so we did not perform the X-ray modelling.
(iii) For NGC 3379 based on the 2I modelling procedures we find no evidence for dark matter which dominates inside ∼ 1.5Re and found that the constant mass-to-light ratio of this galaxy in the B-band for h0 = 0.7 is between 5 and 9. This result is in agreement with previous studies of this galaxy (Ciardullo et al. 1993; Romanowsky et al. 2003) . Analysis based on the X-rays leads to the same conclusion concerning the dark matter within 2Re and the mass-tolight ratio of this galaxy if we adopt the parameters which are in agreement with those found in the literature: β = 0.64 (where β is the slope used in the analytic King approximation model) and the temperature of the X-ray halo is between ∼ 0.26 (=1Tσ) and 0.52(=2Tσ) keV where Tσ is the temperature based on the stellar velocity dispersion. (If we use TX = 0.25 keV and β = 0.5, we can get a fit between ∼ 1 and ∼ 1.5 Re and between ∼ 1.5 and ∼ 3.5Re the mass-tolight ratio in the B-band varies between 5.5 and 9.5.) Solving Jeans equation we find that a spherical isotropic model (β * = 0) is excluded. The observations of the stellar velocity dispersion (interior to ∼ 1.5Re) favour β * = 0.4 (predominantly radial orbits) under the assumption of the hydrostatic equilibrium. Therefore, based on an X-ray analysis we conclude that interior to ∼ 1.5Re the cumulative massto-light ratio is in agreement with that based on the dynamical modelling and therefore dark matter in NGC 3379 is not dynamically dominant in this region, although we note that the gradient of the mass profile is not consistent with the results from stellar dynamical modelling. Beyond ∼ 2Re we note the discrepancies regarding the mass-to-light ratio based on the X-rays and that based on the PNe. Therefore, regarding NGC 3379, we conclude that, until better estimates for both stellar velocity dispersions and the h4 parameter are available, it remains difficult to reconcile predictions of the X-ray methodology with the observations of the stellar velocity dispersions at radii > 2Re, without rather strong radial anisotropies for which strong hints are already available. The problems related to the Xray methodology such as assumptions of hydrostatic equilibrium and the absolute value of the temperature TX and its radial dependence together with the difficulties in X-ray binary source subtraction may also play their part in this complex situation.
(iv) NGC 4105: based on the 2I modelling procedures which we performed we find no evidence for dark matter inside ∼ 1Re and found that the constant mass-to-light ratio of this galaxy in the B-band for h0 = 0.7 is ∼ 6.
Since in the case of this galaxy we had observational data only out to ∼ 1Re we did not do the comparison with the X-rays out to this radius. If we assume that the constant mass-to-light ratio of 5-7 (obtained using stellar dynamics) beyond 1Re is still valid we notice a discrepancy between this value and X-ray predictions which give at 2Re the value of ∼ 12. Since we did not have other tracers for the mass we could not make further comparisons as we did in the case of NGC 3379. Solving the Jeans equation we find that a spherical isotropic model (β * = 0) in this case provides a good fit for a stellar velocity dispersion out to ∼ 1Re, although we cannot exclude a case for which β * ∼ 0.2. Dark matter out to ∼ 1Re in both of these cases is not needed. We note that in our modelling (both 2I and X-ray) we neglected possible interaction with the companion galaxy NGC 4106.
To summarize, based on the dynamical modelling we could not unambiguously detect the significant amounts of dark matter in our four galaxies out to ∼ 1 − 3Re within the uncertainty of the modelling. In the case of IC 1459, NGC 3379 and NGC 4105 we had an additional independent way to determine a mass-to-light ratio. We used the measurements of the temperature of their X-ray haloes and found that for IC 1459 there exists a discrepancy between the temperatures based on the 2I modelling (T ∼ 0.4 − 0.6 keV) and that based on the X-ray modelling (T ∼ 0.7 − 1.1 keV). For NGC 3379 the agreement between different methodologies is good: in its case between ∼ 1 and ∼ 1.5Re stellar dynamical modelling and X-ray modelling are in agreement. Unfortunately, for IC 3370 an X-ray halo was not detected so such an independent study was not possible. For IC 1459 and NGC 3379 beyond ∼ 3Re and for NGC 4105 beyond ∼ 1Re X-rays show the need for dark matter, but in these regions we may face orbit anisotropies (for example, radial, as hinted by positive values of the h4 parameter in the cases of IC 1459 and NGC 3379). These anisotropies together with the inherent problems of the Xray methodology (such as the assumption of spherical symmetry and lack of hydrostatic equilibrium) make the complex problem of dark matter in the early-type galaxies even more difficult. This is currently under investigation.
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